Computational details of the force field parameterization. Root-mean-square deviations between the average structures of the α and β subunits and their corresponding crystal structures. RMSD values for the backbone atoms of the average structures of individual α and β subunits and for the backbone atoms of the average active site structures. B-factors for the active site residues and for the residues 211 to 265, forming a lid covering the entrance to the substrate pocket. Percentage occupancy of hydrogen bonds formed between peroxide moiety, two water molecules present at the entrance to the active site and Asn199 sidechain. Files containing partial charge (*.prep) and force field parameter (*.frcmod) files for catalytic site (cat-site) and Rieske cluster (rieske).
Force field parameterization

Methods
Force field parameters of the active site and Rieske cluster were derived based on the bonded plus electrostatics model approach, which treats the connection between the metal center and its ligands as covalent bonds and uses electrostatic potential (ESP) instead of formal charges to more accurately describe the electronic structure of the metal-ligand complex. 1 The Metal
Center Parameter Builder (MCBP) program of AmberTools 1.5 was used to generate parameters following the procedure described by Peters et al. 2 Coordinates of the active site and Rieske cluster were extracted from the structure of the O 2 adduct of the NBDO-nitrobenzene complex. A new atom type was defined for each ligand atom bonded to Fe in the active site or in the Rieske cluster. The three Fe centers in these moieties were assigned distinct atom types as well (Scheme S1).
Scheme S1 Figure S1 . Models 1 and 2 (inset) of (a) active site and (b) Rieske cluster, respectively.
In the case of the Rieske cluster, the Fe-Fe bond was also defined in addition to connections with the bridging S atoms and the ligands. Figure S1 shows Models 1 and 2 (inset) of the active site and Rieske cluster. Model 1 was used to derive partial charges according to the Merz-Singh-Kollman (MK) 3 and the Restrained Electrostatic Potential (RESP) 4 performed in the gas phase at the B3LYP/6-31G* level using Gaussian 09. 5 Heavy atoms in the backbone (CA, N, C, O) were constrained to parm94 values in the determination of RESP charges. Bonded parameters involving Fe were parameterized while the rest were taken from the AMBER ff99SB force field. 6 Lennard-Jones parameters from the same force field were also used for the new atom types except for HX of the hydroperoxo ligand. A non-zero value was used (R = 0.60 Å and ε = 0.016 kcal/mol, as in H or HS atom types) to avoid potential problems during minimization caused by HX coming too close to the O atoms of water molecules. 7 Lennard-Jones parameters for Fe were the same ones previously used for the heme enzyme (R = 1.2 Å and ε = 0.05 kcal/mol). 8 For nitrobenzene, geometry optimization and ESP calculations were performed at the HF/6-31G* level to be consistent with the GAFF force field. 9 The antechamber 10 module was then used to fit charges to the MK ESP.
Results
The S-Fe1-S(S1/S2) and δN-Fe2-δN(S1/S2) are also lower (24-47 kcal/mol•rad 2 ). The antiferromagnetically coupled Rieske cluster has spins of 3.9 and -3.9 on Fe1 and Fe2 respectively. The S atoms also have significant spin densities, with the S atoms of cysteine having spins of 0.3 and the bridging S atoms having spins of -0.2. As in the active site, the +3 formal charge of the Fe centers are equally reduced to 0.33 while the negative charge on the bridging S atoms are reduced to -0.33. The remaining charge is almost evenly distributed among the ligands, with positive charges for histidine and negative for cysteine. 
